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Abstract

This work focussed on the preparation and characterization of activated carbon from indigenous
lignite using the chemical activation technique by impregnation with potassium hydroxide solution.
The variables studied included temperature, time and chemical-precursor ratio. The prepared
activated carbon products were analyzed for their composition (proximate analysis) and the porous
structure such as surface area and pore volume distribution. Among the variables studied, temperature
and chemical ratio appeared to have the largest effect on the adsorption and porous properties of the
carbons. The maximum BET surface area of 2,236 m2/g of carbon was obtained for activated carbon
prepared at the activation temperature of 900oC, activation time of 60 min and chemical-precursor
weight ratio of 1.0 : 1.0, but with product yield of only about 20%. Activated carbon obtained from
lignite by chemical activation showed better adsorption capacity as compared to that prepared by physical
activation, due principally to much higher specific surface area and larger pore volume.

Keywords: Activated carbon, adsorption, chemical activation, lignite coal

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È»÷°…“∂÷ß°“√‡µ√’¬¡·≈–«—¥ ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå®“°∂à“πÀ‘π≈‘°‰πµå‚¥¬„™â«‘∏’°√–µÿâπ∑“ß‡§¡’

¥â«¬ “√≈–≈“¬‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å  ¿“«–°“√‡µ√’¬¡∑’Ë»÷°…“‰¥â·°à Õÿ≥À¿Ÿ¡‘ ‡«≈“ ·≈–Õ—µ√“ à«π

¢ÕßπÈ”Àπ—° “√‡§¡’µàÕ«—µ∂ÿ¥‘∫ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â®–π”‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫·∫∫ª√–¡“≥·≈–

«—¥ ¡∫—µ‘‚§√ß √â“ß√Ÿæ√ÿπ ‰¥â·°à æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–°“√°√–®“¬¢π“¥¢Õß√Ÿæ√ÿπ º≈°“√»÷°…“æ∫«à“
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µ—«·ª√∑—Èß “¡¡’º≈‚¥¬µ√ßµàÕ ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå ·µàÕÿ≥À¿Ÿ¡‘·≈–ª√‘¡“≥¢Õß “√°√–µÿâπ®–¡’º≈¡“°

∑’Ë ÿ¥ „π™à«ß ¿“«–°“√∑¥≈Õß∑’Ë»÷°…“æ∫«à“∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‚¥¬„™â “√≈–≈“¬‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å

„Àâæ◊Èπ∑’Ëº‘« Ÿß ÿ¥‡∑à“°—∫ 2,236 µ“√“ß‡¡µ√µàÕ°√—¡ ‚¥¬‡µ√’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 900 Õß»“‡´≈‡ ’́¬  ‡«≈“

°√–µÿâπ 60 π“∑’ ·≈–Õ—µ√“ à«π¢Õß “√‡§¡’µàÕ«—µ∂ÿ¥‘∫‡∑à“°—∫ 1.0 : 1.0 ‚¥¬¡’√âÕ¬≈–º≈º≈‘µ∑’Ë ¿“«–π’È

‡∑à“°—∫ 20 ‡ªÕ√å‡´Áπµå ·≈–æ∫«à“∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡®“°∂à“πÀ‘π≈‘°‰πµå‚¥¬«‘∏’°√–µÿâπ∑“ß‡§¡’®–¡’§«“¡

 “¡“√∂„π°“√¥Ÿ¥´—∫∑’Ë Ÿß°«à“∂à“π°—¡¡—πµå®“°°“√°√–µÿâπ∑“ß°“¬¿“æ ‡π◊ËÕß®“°¡’æ◊Èπ∑’Ëº‘«·≈–ª√‘¡“µ√

¢Õß√Ÿæ√ÿπ∑’Ë Ÿß°«à“¡“°

∫∑π”

∂à“π°—¡¡—πµå (activated carbon) ‡ªìπ “√¥Ÿ¥ —́∫

§«“¡æ√ÿπ Ÿß´÷Ëß‡µ√’¬¡‰¥â®“°«—µ∂ÿ¥‘∫∑’Ë¡’§“√å∫Õπ

‡ªìπÕß§åª√–°Õ∫ ‚¥¬ºà“π°√–∫«π°“√°√–µÿâπ

À√◊Õ°àÕ°—¡¡—πµå ∑”„Àâ‡°‘¥‚§√ß √â“ß√Ÿæ√ÿπ¢π“¥

‡≈Á°¢÷Èπ‡ªìπ®”π«π¡“° ∂à“π°—¡¡—πµå∂Ÿ°π”‰ª„™â

„π°“√¥Ÿ¥ ’ ¥Ÿ¥°≈‘Ëπ √«¡∑—Èß “√ªπ‡ªóôÕπµà“ß Ê

ÕÕ°®“°Õ“°“» ·°ä º ¡ ·≈– “√≈–≈“¬ µ≈Õ¥®π

∂Ÿ°„™â„π°√–∫«π°“√·¬° “√„π°√–∫«π°“√º≈‘µ

∑“ßÕÿµ “À°√√¡µà“ß Ê Õ¬à“ß°«â“ß¢«“ß  ”À√—∫

ª√–‡∑»‰∑¬¡’°“√π”‡¢â“∂à“π°—¡¡—πµå®“°µà“ß

ª√–‡∑»∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß∑ÿ°ªï (The Customs

Department, 2005) ∑—Èßπ’È‡π◊ËÕß®“°‚√ßß“π∑’Ëº≈‘µ

∂à“π°—¡¡—πµå„πª√–‡∑»¬—ß¡’‰¡à¡“° ·≈–∂à“π

°—¡¡—πµå∑’Ëº≈‘µ‰¥â¬—ß¡’§ÿ≥¿“æ§àÕπ¢â“ß®”°—¥ ¥—ßπ—Èπ

®÷ß¡’§«“¡®”‡ªìπ„π°“√æ—≤π“ß“π«‘®—¬„Àâ “¡“√∂

º≈‘µ∂à“π°—¡¡—πµå∑’Ë¡’§ÿ≥¿“æ¥’ ¡’ ¡∫—µ‘°“√¥Ÿ¥´—∫

∑’ËÀ≈“°À≈“¬ ‚¥¬¡’‡ªÑ“À¡“¬‡æ◊ËÕæ—≤π“Õß§å§«“¡√Ÿâ

¢÷Èπ„™â‡Õß„πª√–‡∑»·≈–™à«¬„Àâ‡°‘¥°“√„™â«—µ∂ÿ¥‘∫

∑’ËÀ“‰¥â„πª√–‡∑»„Àâ‡°‘¥ª√–‚¬™πå∑’Ë§ÿâ¡§à“Õ’°

∑“ßÀπ÷Ëß¥â«¬  ”À√—∫·À≈àß«—µ∂ÿ¥‘∫∑’Ë¡’»—°¬¿“æ

„π°“√π”¡“„™âº≈‘µ∂à“π°—¡¡—πµå ‰¥â·°à «— ¥ÿ™’«¡«≈

ª√–‡¿∑µà“ß Ê ´÷Ëß à«π„À≠à‡ªìπ«— ¥ÿ‡À≈◊Õ∑‘Èß®“°

°“√‡°…µ√À√◊Õ‚√ßß“π·ª√√Ÿªº≈‘µº≈∑“ß°“√

‡°…µ√‚¥¬‡©æ“–°–≈“¡–æ√â“«·≈–°–≈“ª“≈å¡

´÷Ëß‡ªìπ«—µ∂ÿ¥‘∫À≈—°„π°“√º≈‘µ∂à“π°—¡¡—πµå„π‡™‘ß

æ“≥‘™¬å πÕ°‡Àπ◊Õ®“°™’«¡«≈·≈â«∂à“πÀ‘π≈‘°‰πµå

°Á‡ªìπ«—µ∂ÿ¥‘∫∑’Ë¡’»—°¬¿“æ„π°“√π”¡“º≈‘µ‡ªìπ∂à“π

°—¡¡—πµå‰¥â¥’ ‡π◊ËÕß®“°¡’ª√‘¡“≥§“√å∫Õπ Ÿß·≈–

‡ªìπ∑√—æ¬“°√∏√√¡™“µ‘∑’Ë¬—ß¡’ª√‘¡“≥ ”√ÕßÕ¬Ÿà

Õ’°¡“°ª√–¡“≥ 2,000 ≈â“πµ—π (Department of

Mineral Fuels, 2005) „π·µà≈–ªï¡’°“√„™â∂à“πÀ‘π

ª√–¡“≥ 20 ≈â“πµ—π ‚¥¬ 80 ‡ªÕ√å‡´Áπµå ∂Ÿ°„™â

‰ª„π°“√º≈‘µ°√–· ‰øøÑ“ ‡°√¥¢Õß∂à“πÀ‘π

∂Ÿ°®—¥·∫àß‡ªìπ ’Ëª√–‡¿∑„À≠à Ê µ“¡»—°¬å (rank)

‚¥¬æ‘®“√≥“®“°Õß§åª√–°Õ∫§“√å∫Õπ·≈–§à“

§«“¡√âÕπ∑“ß‡™◊ÈÕ‡æ≈‘ß ‚¥¬·∫àß®“°»—°¬å Ÿß‰ªÀ“µË”

‰¥â·°à ·Õπ∑√“‰´µå ∫‘∑Ÿ¡‘π—  ´—∫∫‘∑Ÿ¡‘π—  ·≈–

≈‘°‰πµå ∂à“πÀ‘π∑—Èß ’Ë™π‘¥ “¡“√∂π”¡“„™â‡ªìπ

«—µ∂ÿ¥‘∫µ—Èßµâπ„π°“√º≈‘µ∂à“π°—¡¡—πµå‰¥â ·µà°Á¡’¢âÕ

®”°—¥∑’Ë·µ°µà“ß°—π‰ª ‚¥¬∂à“πÀ‘π∫‘∑Ÿ¡‘π— ‰¥â√—∫

§«“¡π‘¬¡„π°“√π”¡“º≈‘µ‡ªìπ∂à“π°—¡¡—πµå¡“°∑’Ë ÿ¥

‡π◊ËÕß®“°„Àâ∂à“π°—¡¡—πµå∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥

´—∫ Ÿß ¡’§«“¡Àπ“·πàπ·≈–§«“¡·°√àß Ÿß·≈–„™â

Õÿ≥À¿Ÿ¡‘„π°“√°√–µÿâπ∑’Ë‰¡à Ÿß®π‡°‘π‰ª (Sun et al.,

1997) °√–∫«π°“√À≈—°„π°“√º≈‘µ∂à“π°—¡¡—πµå¡’

Õ¬Ÿà Õß«‘∏’‰¥â·°à «‘∏’°√–µÿâπ∑“ß°“¬¿“æ ́ ÷Ëßª√–°Õ∫¥â«¬

¢—ÈπµÕπ°“√‡µ√’¬¡∂à“π™“√å (char) ‚¥¬°“√‰≈à “√

√–‡À¬ÕÕ°®“°∂à“πÀ‘π‚¥¬°“√„Àâ§«“¡√âÕπ„π

 ¿“æ‰√âÕÕ°´‘‡®π µ“¡¥â«¬°“√°√–µÿâπ‚¥¬„™â‰ÕπÈ”

·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥åÀ√◊ÕÕÕ° ‘́‡®π ¿“¬„µâ

Õÿ≥À¿Ÿ¡‘ Ÿß (Walker, 1996; Teng et al., 1997)

·≈–«‘∏’°√–µÿâπ∑“ß‡§¡’‚¥¬º ¡∂à“πÀ‘π°—∫ “√‡§¡’

‡™àπ ‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å ´‘ß§å§≈Õ‰√¥å À√◊Õ

°√¥øÕ øÕ√‘° ‡ªìπµâπ ·≈â«„Àâ§«“¡√âÕπ¿“¬„µâ
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∫√√¬“°“»¢Õß·°ä ‡©◊ËÕ¬ (Ahmadpour and Do,

1996)

ß“π«‘®—¬π’È»÷°…“°“√‡µ√’¬¡∂à“π°—¡¡—πµå®“°

∂à“πÀ‘π≈‘°‰πµå (·À≈àß·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß) ‚¥¬

„™â«‘∏’°√–µÿâπ∑“ß‡§¡’¥â«¬‚æ·∑ ‡ ’́¬¡‰Œ¥√Õ°‰´¥å

∑—Èßπ’È‡π◊ËÕß®“°ß“π«‘®—¬°“√π”∂à“πÀ‘π≈‘°‰πµå¡“º≈‘µ

‡ªìπ∂à“π°—¡¡—πµå¡’‰¡à¡“°π—° ·≈–ß“π«‘®—¬∑’Ëºà“π¡“

(™—¬¬» µ—Èß ∂‘µ¬å°ÿ≈™—¬, 2542) æ∫«à“°“√‡µ√’¬¡∂à“π

°—¡¡—πµå®“°∂à“πÀ‘π≈‘°‰πµå·À≈àß‡¥’¬«°—π ¥â«¬«‘∏’

°√–µÿâπ∑“ß°“¬¿“æ‚¥¬„™â‰ÕπÈ”·≈–·°ä §“√å∫Õπ

‰¥ÕÕ°‰´¥å„Àâ∂à“π°—¡¡—πµå∑’Ë¡’§ÿ≥¿“æª“π°≈“ß

‚¥¬¡’æ◊Èπ∑’Ëº‘«®”‡æ“–‰¡à Ÿß¡“°π—° (πâÕ¬°«à“ 500

µ“√“ß‡¡µ√µàÕ°√—¡) ´÷Ëß°“√„™â«‘∏’°√–µÿâπ∑“ß‡§¡’

‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë®–™à«¬„Àâ‡°‘¥°“√æ—≤π“

√Ÿæ√ÿπ¿“¬„π∂à“π°—¡¡—πµå‰¥â¡“°¢÷Èπ

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

°“√‡µ√’¬¡∂à“π°—¡¡—πµå

µ—«Õ¬à“ß∂à“πÀ‘π∑’Ëπ”¡“„™â‡ªìπ«—µ∂ÿ¥‘∫„π

°“√‡µ√’¬¡∂à“π°—¡¡—πµå ‡ªìπ∂à“πÀ‘π®“°·À≈àß

·¡à‡¡“–‚¥¬‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°‚√ß‰øøÑ“

·¡à‡¡“– °“√‰øøÑ“ΩÉ“¬º≈‘µ·Ààßª√–‡∑»‰∑¬ Õ”‡¿Õ

·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß °“√∑¥≈Õß‡√‘Ë¡®“°°“√π”

∂à“πÀ‘π¡“∫¥·≈–§—¥¢π“¥ ‚¥¬„™â™ÿ¥µ–·°√ß√àÕπ

„ÀâÕ¬Ÿà„π™à«ß 600 - 850 ‰¡‚§√‡¡µ√ (20 × 30 ‡¡™)

·≈â«Õ∫∂à“πÀ‘π∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡´’¬ 

π“π 3 ™—Ë«‚¡ß ®“°π—Èππ”∂à“πÀ‘π¡“º ¡°—∫ “√

≈–≈“¬‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å (KOH) §«“¡

‡¢â¡¢âπ√âÕ¬≈– 50 ‚¥¬πÈ”Àπ—°·≈â«°«π„Àâ‡¢â“°—π

π“π‡ªìπ‡«≈“ 5 π“∑’ ª√‘¡“≥ “√≈–≈“¬∑’Ë„™â®–

§”π«≥®“°Õ—µ√“ à«π‚¥¬πÈ”Àπ—°√–À«à“ß‡π◊ÈÕ¢Õß

‚æ·∑ ‡ ’́¬¡‰Œ¥√Õ°‰´¥å·≈–∂à“πÀ‘π‚¥¬»÷°…“

∑’ËÕ—µ√“ à«π “√‡§¡’ Õß§à“‰¥â·°à 0.5 : 1.0 ·≈–

1.0 : 1.0 π”∂à“πÀ‘π∑’Ëºà“π°“√·™à¥â«¬ “√≈–≈“¬

‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å‰ªÕ∫‡æ◊ËÕ‰≈à§«“¡™◊Èπ∑’Ë

Õÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡ ’́¬  ®ππÈ”Àπ—°§ß∑’Ë ·≈â«

π”‰ª°√–µÿâπµàÕ‚¥¬°“√„Àâ§«“¡√âÕπ„π‡µ“‡º“

·∫∫∑àÕ∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‰¥â (¬’ËÀâÕ Vectar √ÿàπ

VCTF4) ‚¥¬„™âÕ—µ√“°“√„Àâ§«“¡√âÕπ 20 Õß»“

‡´≈‡´’¬ µàÕπ“∑’ ¿“¬„µâ ¿“«–∫√√¬“°“»¢Õß·°ä 

‰π‚µ√‡®π (§«“¡∫√‘ ÿ∑∏‘Ï√âÕ¬≈– 99.95 ¢Õß∫√‘…—∑

Linde) ∑’Ë‰À≈„πÕ—µ√“ 100 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ Õÿ≥À¿Ÿ¡‘

∑’Ë»÷°…“Õ¬Ÿà„π™à«ß 600 - 900 Õß»“‡´≈‡´’¬ ·≈–

‡«≈“°√–µÿâπ∑’Ë»÷°…“‡∑à“°—∫ 60 ·≈– 120 π“∑’ ≈â“ß

∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â¥â«¬ “√≈–≈“¬°√¥‰Œ‚¥√-

§≈Õ√‘°‡®◊Õ®“ß ®ππÈ”≈â“ß∑’Ë‰¥â‰¡à¡’ ’ ·≈â«≈â“ßµàÕ

¥â«¬πÈ”°≈—Ëπ∑’Ëºà“π°“√µâ¡„Àâ√âÕπÀ≈“¬ Ê §√—Èß ®π

°√–∑—ËßπÈ”∑’Ëºà“π°“√≈â“ß∂à“π°—¡¡—πµå¡’§à“§«“¡

‡ªìπ°√¥¥à“ß‡∑à“°—∫¢ÕßπÈ”°≈—Ëπ (ª√–¡“≥ 6 - 7)

®“°π—Èππ”º≈‘µ¿—≥±å∑’Ë‰¥â‰ªÕ∫®ππÈ”Àπ—°§ß∑’Ë

π”¡“™—ËßÀ“πÈ”Àπ—° ÿ¥∑â“¬ ‡æ◊ËÕ§”π«≥À“√âÕ¬≈–

º≈º≈‘µ·≈–π”‰ª∑”°“√«‘‡§√“–Àå ¡∫—µ‘µà“ß Ê µàÕ‰ª

°“√«—¥ ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå

∂à“πÀ‘π·¡à‡¡“–∑’Ë»÷°…“®–π”‰ª«‘‡§√“–Àå

Õß§åª√–°Õ∫·∫∫ª√–¡“≥ (proximate analysis)

·≈–·∫∫·¬°∏“µÿ (ultimate analysis)  à«π∂à“π

°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â®–π”‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫

·∫∫ª√–¡“≥§à“√âÕ¬≈–º≈º≈‘µ §à“°“√¥Ÿ¥´—∫

‰Õ‚Õ¥’π ·≈–«‘‡§√“–Àå‚§√ß √â“ß√Ÿæ√ÿπ¿“¬„π‰¥â·°à

§à“æ◊Èπ∑’Ëº‘«®”‡æ“– (BET surface area, SBET) ª√‘¡“µ√

¢Õß√Ÿæ√ÿπ¢π“¥µà“ß Ê ª√‘¡“µ√√Ÿæ√ÿπ√«¡ (V)

·≈–¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬ ÷́Ëß§”π«≥®“° 4V/SBET

‚¥¬„™â¢âÕ¡Ÿ≈‰Õ‚´‡∑Õ¡°“√¥Ÿ¥ —́∫·°ä ‰π‚µ√‡®π

∑’ËÕÿ≥À¿Ÿ¡‘ -196 Õß»“‡´≈‡´’¬  (77 Õß»“‡§≈«‘π)

´÷Ëß«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–Àåæ◊Èπ∑’Ëº‘«¬’ËÀâÕ Micro-

meritics √ÿàπ ASAP 2010 ·≈–»÷°…“≈—°…≥–æ◊Èπº‘«

¢Õß∂à“π°—¡¡—πµå ‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ

·∫∫ àÕß°√“¥ º≈°“√«‘‡§√“–Àå ¡∫—µ‘¢Õß∂à“π

°—¡¡—πµå∑’Ë‡µ√’¬¡‚¥¬„™â “√≈–≈“¬‚æ·∑ ‡ ’́¬¡

‰Œ¥√Õ°‰´¥å®–π”‰ª‡ª√’¬∫‡∑’¬∫°—∫∂à“π°—¡¡—πµå

∑’Ë‡µ√’¬¡®“°≈‘°‰πµå·À≈àß‡¥’¬«°—π‚¥¬«‘∏’°√–µÿâπ

∑“ß°“¬¿“æ¥â«¬·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–∂à“π
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°—¡¡—πµå‡°√¥°“√§â“ ÷́Ëß‡µ√’¬¡®“°°–≈“¡–æ√â“«‚¥¬

«‘∏’°√–µÿâπ∑“ß°“¬¿“æ¥â«¬‰ÕπÈ” ´÷Ëß‡ªìπº≈‘µ¿—≥±å

¢Õß∫√‘…—∑´’‰®·°πµ‘° ®”°—¥ Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥

π§√√“™ ’¡“

º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈

º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫

µ“√“ß∑’Ë 1 ·≈– 2 · ¥ßº≈°“√«‘‡§√“–Àå

Õß§åª√–°Õ∫¢Õß∂à“πÀ‘π≈‘°‰πµå ‚¥¬«‘∏’«‘‡§√“–Àå
·∫∫ª√–¡“≥ (proximate analysis) ·≈–·∫∫·¬°
∏“µÿ (ultimate analysis) µ“¡≈”¥—∫ æ∫«à“ ∂à“πÀ‘π
·¡à‡¡“– ÷́Ëß®—¥Õ¬Ÿà„π»—°¬å≈‘°‰πµå¡’ª√‘¡“≥‡∂â“§àÕπ
¢â“ß Ÿß (√âÕ¬≈– 23 ‚¥¬πÈ”Àπ—°) ‡¡◊ËÕ‡∑’¬∫°—∫«— ¥ÿ
™’«¡«≈ ÷́Ëß‡ªìπ«—µ∂ÿ¥‘∫∑’Ë¡’»—°¬¿“æ„π°“√π”¡“º≈‘µ
‡ªìπ∂à“π°—¡¡—πµå‰¥â‡™àπ°—π æ∫«à“¡’√âÕ¬≈–¢Õß‡∂â“
πâÕ¬°«à“¡“° µ—«Õ¬à“ß‡™àπ Raveendran and Ganesh
(1998) ‰¥â√“¬ß“π§à“√âÕ¬≈–¢Õß‡∂â“¢Õß«— ¥ÿ™’«¡«≈
ª√–‡¿∑µà“ß Ê ¥—ßπ’È ™“πÕâÕ¬ (√âÕ¬≈– 2.9)

‡ª≈◊Õ°‡¡Á¥¡–¡à«ßÀ‘¡æ“πµå (√âÕ¬≈– 2.2)

°“∫¡–æ√â“« (√âÕ¬≈– 0.9) °–≈“¡–æ√â“« (√âÕ¬≈– 0.7)

´—ß¢â“«‚æ¥ (√âÕ¬≈– 2.8) ·≈–ø“ß¢â“« (√âÕ¬≈– 11.2)

‡ªìπµâπ °“√∑’Ë¡’√âÕ¬≈–¢Õß‡∂â“∑’Ë Ÿß∑”„Àâ∂à“πÀ‘π

≈‘°‰πµå¡’ª√‘¡“≥§“√å∫Õπ§ßµ—«§àÕπ¢â“ßµË” ´÷Ëß®–

 àßº≈„Àâ§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫µàÕÀπà«¬πÈ”Àπ—°

¢Õß∂à“π°—¡¡—πµå∑’Ë ‡µ√’¬¡‰¥â≈¥≈ßµ“¡‰ª¥â«¬

‚¥¬À≈—°°“√·≈â«®÷ßÕ“®¡’§«“¡®”‡ªìπ∑’ËµâÕß≈¥

ª√‘¡“≥‡∂â“„π∂à“πÀ‘π°àÕπ®–π”‰ª„™â‡ªìπ«—µ∂ÿ¥‘∫

µ—Èßµâπ„π°“√º≈‘µ‡ªìπ∂à“π°—¡¡—πµå µ—«Õ¬à“ß‡™àπ °“√

„™â‡∑§π‘§°“√≈Õ¬·√à (froth flotation) (Rivera-Utrilla

et al., 1996) À√◊Õ„™â°“√·¬°Õπÿ¿“§„πµ—«°≈“ß

¢Õß‡À≈« (dense media separation) (Aktas et al.,

1998) ‡ªìπµâπ

º≈°“√«‘ ‡§√“–Àå·∫∫ª√–¡“≥¢Õß∂à“π

°—¡¡—πµå∑’Ë‡µ√’¬¡‚¥¬„™â KOH ‡ªìπ “√°√–µÿâπ¿“¬

„µâ ¿“«–µà“ß Ê · ¥ß„πµ“√“ß∑’Ë 3 æ∫«à“ª√‘¡“≥

§“√å∫Õπ§ßµ—«„π∂à“π°—¡¡—πµå¡’§à“‡æ‘Ë¡¢÷Èπ¡“°°«à“

ª√‘¡“≥§“√å∫Õπ§ßµ—«¢Õß∂à“πÀ‘π¥‘∫∑’Ë∑ÿ° ¿“«–

°“√‡µ√’¬¡ ‚¥¬°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¡’º≈µàÕ°“√‡æ‘Ë¡

¢Õß§“√å∫Õπ§ßµ—«¡“°∑’Ë ÿ¥ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

‚¥¬„™âÕÿ≥À¿Ÿ¡‘ Ÿß 800 Õß»“‡´≈‡ ’́¬ ®–¡’ª√‘¡“≥

§“√å∫Õπ§ßµ—«Õ¬Ÿà√–À«à“ß 70 - 80 ‡ªÕ√å‡´Áπµå

´÷Ëß Õ¥§≈âÕß°—∫ª√‘¡“≥ “√√–‡À¬∑’Ë≈¥≈ß¡“°∑’Ë

 ¿“«–¥—ß°≈à“« Õ¬à“ß‰√°Áµ“¡∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

‰¥â„πß“π«‘®—¬π’È¬—ß¡’ª√‘¡“≥§“√å∫Õπ§ßµ—«πâÕ¬°«à“

∂à“π°—¡¡—πµå‡°√¥°“√§â“´÷Ëß‡µ√’¬¡®“°°–≈“¡–æ√â“«

‚¥¬«‘∏’∑“ß°“¬¿“æ∑’Ë„™â‰ÕπÈ”‡ªìπ “√°√–µÿâπ ª√‘¡“≥

§“√å∫Õπ§ßµ—«∑’Ë·µ°µà“ß°—ππ’ÈÕ“®‡ªìπº≈¡“®“°

§«“¡·µ°µà“ß„π∏√√¡™“µ‘¢Õß‚§√ß √â“ß∑“ß

°“¬¿“æ·≈–∑“ß‡§¡’¢Õß∂à“πÀ‘π·≈–°–≈“¡–æ√â“«

µ≈Õ¥®π«‘∏’°“√°√–µÿâπ·≈– ¿“«–°“√°√–µÿâπ∑’Ë

·µ°µà“ß°—π ‡ªìπ∑’Ë —ß‡°µ«à“ª√‘¡“≥‡∂â“¢Õß∂à“π

°—¡¡—πµå∑’Ë‡µ√’¬¡®“°∂à“πÀ‘π¡’§à“≈¥≈ß¡“°‡¡◊ËÕ‡∑’¬∫

°—∫ª√‘¡“≥‡∂â“∑’Ë¡’Õ¬Ÿà„π∂à“πÀ‘πµ—Èßµâπ ‚¥¬¡’§à“Õ¬Ÿà

√–À«à“ß 2 - 5 ‡ªÕ√å‡´Áπµå º≈∑’Ë‰¥âπ’È‡°‘¥®“° KOH

´÷Ëß¡’ ¡∫—µ‘‡ªìπ‡∫ ‡¡◊ËÕ·∑√°Õ¬Ÿà„π∂à“πÀ‘π·≈–∂Ÿ°

„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß  “¡“√∂∑”ªØ‘°‘√‘¬“°—∫

§“√å∫Õπ„π‚§√ß √â“ß¢Õß∂à“πÀ‘π·≈–¬—ß “¡“√∂

ª≈¥ª≈àÕ¬·≈– ≈“¬Õπ‘π∑√’¬å«—µ∂ÿ (mineral matters)

ÕÕ°®“°‚§√ß √â“ß¢Õß∂à“πÀ‘π„π¢—ÈπµÕπ°“√

Table  1. Proximate analysis of lignite from
Maemoh seam in Lampang Province

Composition wt %

Moisture content 5.5
Volatile matter 37.1
Ash 22.6
Fixed carbon (by diff.) 34.8

Table  2. Ultimate analysis of lignite coal

Composition wt %

C 50.8
H 4.1
N 2.2
S 1.9
O (by diff.) 41.0
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°√–µÿâπ∑”„Àâª√‘¡“≥Õπ‘π∑√’¬å«—µ∂ÿ∑’Ë«‘‡§√“–ÀåÕÕ°

¡“„π√Ÿª¢Õß‡∂â“ (ash) „π∂à“π°—¡¡—πµå¡’§à“≈¥πâÕ¬

≈ß‰ª (Lolja, 1999) º≈°“√∑¥≈Õßπ’È™’È„Àâ‡ÀÁπ«à“

πÕ°®“°®–∑”Àπâ“∑’Ë‡ªìπ “√°√–µÿâπ∑”„Àâ‡°‘¥°“√

æ—≤π“‚§√ß √â“ß√Ÿæ√ÿπ¿“¬„πÕπÿ¿“§∂à“πÀ‘π·≈â«

KOH ¬—ß¡’∫∑∫“∑„π°“√≈¥ª√‘¡“≥‡∂â“„π∂à“πÀ‘π

‰¥âÕ’°¥â«¬ ́ ÷Ëß™à«¬„Àâ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â¡’§«“¡®ÿ

„π°“√¥Ÿ¥´—∫ “√µàÕÀπà«¬πÈ”Àπ—°∑’Ë‡æ‘Ë¡¡“°¢÷Èπ

√âÕ¬≈–º≈º≈‘µ·≈– ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå

√Ÿª∑’Ë 1 · ¥ßº≈¢Õß ¿“«–°√–µÿâπµàÕ√âÕ¬≈–
º≈º≈‘µ¢Õß∂à“π°—¡¡—πµå æ∫«à“√âÕ¬≈–º≈º≈‘µ¡’
§à“≈¥≈ßµ“¡°“√‡æ‘Ë¡¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë∑ÿ° ¿“«–°“√
‡µ√’¬¡∑’ËÕ—µ√“ à«π¢Õß “√°√–µÿâπ§ß∑’Ë 1.0 : 1.0
°“√‡æ‘Ë¡‡«≈“°“√°√–µÿâπ àßº≈„Àâ√âÕ¬≈–º≈º≈‘µ
≈¥≈ß‡™àπ‡¥’¬«°—∫º≈¢Õß°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‚¥¬
 —¥ à«π°“√≈¥≈ß¢Õß√âÕ¬≈–º≈º≈‘µ‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ
¡’·π«‚πâ¡«à“®–‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘∑’Ë„™â°√–µÿâπ
 ”À√—∫º≈¢ÕßÕ—µ√“ à«π “√°√–µÿâπ∑’Ë„™âæ∫«à“∑’Ë‡«≈“
°“√°√–µÿâπ§ß∑’Ë 60 π“∑’ ·≈–°√–µÿâπ∑’ËÕÿ≥À¿Ÿ¡‘µË”
(600 Õß»“‡´≈‡ ’́¬ ) °“√„™â KOH ¡“°¢÷Èπ¡’º≈
πâÕ¬¡“°µàÕ§à“√âÕ¬≈–º≈º≈‘µ ·µà‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘
°“√°√–µÿâπ„Àâ Ÿß¢÷Èπ °“√„™â KOH „πª√‘¡“≥∑’Ë
¡“°¢÷Èπ∑”„Àâ√âÕ¬≈–º≈º≈‘µ≈¥≈ß ‚¥¬ —¥ à«π¢Õß
°“√≈¥≈ß®–‡æ‘Ë¡µ“¡Õÿ≥À¿Ÿ¡‘ µ—«Õ¬à“ß‡™àπ ∑’ËÕÿ≥À¿Ÿ¡‘
700 Õß»“‡´≈‡´’¬  §à“√âÕ¬≈–º≈º≈‘µ≈¥≈ßª√–¡“≥
12 ‡ªÕ√å‡´Áπµå ·µà∑’ËÕÿ≥À¿Ÿ¡‘ 800 Õß»“‡´≈‡ ’́¬ ®–

≈¥≈ßª√–¡“≥ 24 ‡ªÕ√å‡´Áπµå ´÷Ëßº≈°“√∑¥≈Õß

™’È„Àâ‡ÀÁπ«à“ KOH  “¡“√∂∑”ªØ‘°‘√‘¬“‡§¡’°—∫

§“√å∫Õπ„π∂à“πÀ‘π‰¥â¡“°¢÷Èπµ“¡°“√‡æ‘Ë¡¢Õß

 “√‡§¡’∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ·≈–®“°º≈¢Õß ¿“«–°“√

‡µ√’¬¡ √ÿª‰¥â«à“°“√„™âÕÿ≥À¿Ÿ¡‘ Ÿß ‡«≈“π“π ·≈–„™â

KOH „πª√‘¡“≥¡“°π—Èπ¡’º≈∑”„Àâ√âÕ¬≈–º≈º≈‘µ

¡’§à“≈¥≈ßÕ¬à“ß™—¥‡®π

√Ÿª∑’Ë 2 · ¥ßµ—«Õ¬à“ß¢Õß≈—°…≥–‰Õ‚´‡∑Õ¡

°“√¥Ÿ¥ —́∫·°ä ‰π‚µ√‡®π∑’ËÕÿ≥À¿Ÿ¡‘ -196 Õß»“

‡´≈‡´’¬  (77 Õß»“‡§≈«‘π) ¢Õß∂à“π°—¡¡—πµå∑’Ë

‡µ√’¬¡‚¥¬„™â KOH ¿“¬„µâ ¿“«–µà“ß Ê æ∫«à“

∂à“π°—¡¡—πµå‡µ√’¬¡∑’ËÕÿ≥À¿Ÿ¡‘µË”°«à“ 800 Õß»“

‡´≈‡´’¬  ¡’≈—°…≥–‰Õ‚´‡∑Õ¡°“√¥Ÿ¥´—∫‡ªìπ·∫∫

Type I µ“¡°“√®”·π°¢Õß IUPAC (Gregg and

Sing, 1982) ́ ÷Ëß· ¥ß«à“∂à“π°—¡¡—πµå¡’√Ÿæ√ÿπ à«π„À≠à

‡ªìπ·∫∫√Ÿæ√ÿπ¢π“¥‡≈Á° (πâÕ¬°«à“ 2 π“‚π‡¡µ√)

·≈–§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫ N2 ¡’¡“°¢÷Èπ

„π∂à“π°—¡¡—πµå‡µ√’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ (°√“ø 1

°√“ø 3 ·≈–°√“ø 5) ·≈–‡¡◊ËÕÕÿ≥À¿Ÿ¡‘°√–µÿâπ Ÿß∂÷ß

900 Õß»“‡´≈‡´’¬  ‡ âπ°√“ø‰Õ‚´‡∑Õ¡¡’·π«‚πâ¡

∑’Ë®–‡ª≈’Ë¬π‡ªìπ·∫∫ Type II ÷́Ëß· ¥ß«à“√Ÿæ√ÿπ

¡’°“√°√–®“¬¢π“¥∑’Ë°«â“ß¢÷Èπ °≈à“«§◊Õ¡’°“√æ—≤π“

√Ÿæ√ÿπ¢π“¥°≈“ß·≈–¢π“¥„À≠à„π —¥ à«π∑’Ë‡æ‘Ë¡¢÷Èπ

º≈°“√∑¥≈Õß¥—ß°≈à “« Õ¥§≈âÕß°—∫º≈°“√

«‘‡§√“–Àå ¡∫—µ‘‚§√ß √â“ß√Ÿæ√ÿπ∑’Ë· ¥ß„πµ“√“ß∑’Ë 4

´÷Ëßæ∫«à“∑’Ë ‡«≈“·≈–Õ—µ√“ à«π “√°√–µÿâπ§ß∑’ Ë

Table  3. Proximate analysis of activated carbon prepared under different conditions

Activation conditions Proximate analysis (wt %)

Temp. Time KOH : coal Moisture Volatiles Ash Fixed carbon
(oC) (min) (wt ratio)

600 60 0.5 : 1.0 4 33 5 58
800 60 0.5 : 1.0 8 14 4 74
600 60 1.0 : 1.0 5 31 2 62
800 60 1.0 : 1.0 1 17 1 81
600 120 1.0 : 1.0 9 35 2 54
800 120 1.0 : 1.0 12 16 2 70

commercial activated carbon 4 6 2 88
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§à“æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–§à“¥Ÿ¥´—∫‰Õ‚Õ¥’π®–¡’§à“

¡“°¢÷Èπ‰ªµ“¡Õÿ≥À¿Ÿ¡‘°“√°√–µÿâπ∑’Ë‡æ‘Ë¡¢÷Èπ  à«π

º≈°“√«‘‡§√“–Àåª√‘¡“µ√√Ÿæ√ÿπ ÷́Ëß· ¥ß„π√Ÿª∑’Ë 3

æ∫«à“ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á° (<2 π“‚π‡¡µ√)

ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥°≈“ß·≈–¢π“¥„À≠à (>2

π“‚π‡¡µ√) ·≈–ª√‘¡“µ√√Ÿæ√ÿπ√«¡¡’§à“‡æ‘Ë¡µ“¡

Õÿ≥À¿Ÿ¡‘‡™àπ‡¥’¬«°—π ‚¥¬ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á°

¡’§à“¡“°¢÷Èπ„π™à«ßÕÿ≥À¿Ÿ¡‘µ—Èß·µà 600 ∂÷ß 800

Õß»“‡´≈‡ ’́¬  ·µà°≈—∫‡æ‘Ë¡¢÷Èπ‰¡à¡“°∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß

¡“°¢÷Èπ (800 - 900 Õß»“‡´≈‡ ’́¬ ) ‚¥¬‡©æ“–

 —¥ à«π√âÕ¬≈–¢Õß√Ÿæ√ÿπ¢π“¥‡≈Á°°≈—∫¡’§à“≈¥≈ß

®“°§à“ 79 ‡ªÕ√å‡´Áπµå∑’Ë 800 Õß»“‡´≈‡´’¬ ‡ªìπ

65 ‡ªÕ√å‡´Áπµå∑’Ë 900 Õß»“‡´≈‡´’¬  (¥Ÿ¢âÕ¡Ÿ≈

°“√°√–µÿâπ∑’Ë‡«≈“ 60 π“∑’·≈–Õ—µ√“ à«π “√°√–µÿâπ

1.0 : 1.0 „πµ“√“ß∑’Ë 4) º≈∑’Ë‰¥â™’È„Àâ‡ÀÁπ«à“°“√°√–µÿâπ

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß∑”„Àâ‡°‘¥√Ÿæ√ÿπ¢π“¥‡≈Á°‡ªìπ®”π«π¡“°

·µà„π¢≥–‡¥’¬«°—π à«πÀπ÷Ëß¢Õß√Ÿæ√ÿπ‡À≈à“π’È

‡°‘¥°“√√«¡µ—«°≈“¬‡ªìπ√Ÿæ√ÿπ∑’Ë¡’¢π“¥„À≠à¢÷Èπ

´÷ËßÕ“®‡°‘¥®“°°“√¬ÿ∫µ—«¢Õßºπ—ß√Ÿæ√ÿπ¢π“¥‡≈Á°

∑’Ë¡’¡“°¢÷Èπ·≈–Õ¬Ÿàµ‘¥°—π ∑”„Àâ‡°‘¥°“√‡™◊ËÕ¡µàÕ¢Õß

√Ÿæ√ÿπ‡À≈à“π’È°≈“¬‡ªìπ√Ÿæ√ÿπ∑’Ë¡’¢π“¥„À≠à¢÷Èππ—Ëπ‡Õß

(Molina - Sabio et al., 1996)

 ”À√—∫º≈¢Õß‡«≈“„π°“√°√–µÿâπµàÕ ¡∫—µ‘

µà“ß Ê ¢Õß∂à“π°—¡¡—πµå· ¥ß„πµ“√“ß∑’Ë 4 ÷́Ëß‡ÀÁπ

‰¥â«à“∑’ËÕÿ≥À¿Ÿ¡‘µË” (600 - 700 Õß»“‡´≈‡ ’́¬ ) ‡«≈“

°√–µÿâπ∑’Ëπ“π¢÷Èπ (®“° 60 π“∑’‡ªìπ 120 π“∑’) ·∑∫

‰¡à¡’º≈µàÕæ◊Èπ∑’Ëº‘«®”‡æ“– §à“°“√¥Ÿ¥´—∫‰Õ‚Õ¥’π

ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥µà“ß Ê ·≈–¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬

·µà∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß (800 Õß»“‡´≈‡ ’́¬ ) ‡«≈“∑’Ëπ“π

¢÷Èπ¡’º≈∑”„Àâ§à“¥Ÿ¥´—∫‰Õ‚Õ¥’π §à“æ◊Èπ∑’Ëº‘«®”‡æ“–

·≈–ª√‘¡“µ√√Ÿæ√ÿπ√«¡ ¡’§à“¡“°¢÷Èπ‰ªµ“¡‡«≈“∑’Ë

π“π¢÷Èπ·µà‡æ‘Ë¡„π —¥ à«π∑’Ë‰¡à Ÿß¡“°π—° (ª√–¡“≥

√âÕ¬≈– 5) „π¢≥–∑’Ëª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á°·≈–

¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬¡’§à“§ß∑’Ë º≈°“√∑¥≈Õß™’È„Àâ‡ÀÁπ

«à“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß·≈–‡«≈“∑’Ëπ“π®–¡’º≈µàÕ ¡∫—µ‘

¢Õß∂à“π°—¡¡—πµå‰¥â¡“°

 
70 

 
60 

 
50 

 
40 

 
30 

 
20 

 
10 

 
  0 

    400            500            600             700             800            900            1000 

Activation temperature ( C) 

Y
ie

ld
 o

f 
ac

ti
va

te
d 

ca
rb

on
 (

w
t.

 %
) 

Series1

Series2

Series3

 
       Time (min)       Chem. Ratio 
         60                       0.5:1.0 
 

         60                       1.0:1.0 
 

       120                       1.0:1.0 

Figure 1. Effect activation conditions on percentage yield of activated carbon prepared by KOH
activation
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„π à«πº≈¢ÕßÕ—µ√“ à«π√–À«à“ß “√°√–µÿâπ

µàÕ«—µ∂ÿ¥‘∫ æ∫«à“¡’º≈∑’Ë™—¥‡®πµàÕ ¡∫—µ‘µà“ß Ê ¢Õß

∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â √Ÿª∑’Ë 4 · ¥ß„Àâ‡ÀÁπ

«à“°“√„™âÕ—µ√“ à«π “√°√–µÿâπ∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâæ◊Èπ∑’Ë

º‘«®”‡æ“–‡æ‘Ë¡¡“°¢÷Èπ∑’Ë∑ÿ°Õÿ≥À¿Ÿ¡‘ √Ÿª∑’Ë 5 ™’È«à“

ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á°·≈–ª√‘¡“µ√√Ÿæ√ÿπ√«¡ ‡æ‘Ë¡

µ“¡ª√‘¡“≥ “√‡§¡’∑’Ë„™â‡™àπ‡¥’¬«°—π ·µàª√‘¡“µ√

√Ÿæ√ÿπ¢π“¥„À≠à§àÕπ¢â“ß§ß∑’Ë¬°‡«âπ„™âÕÿ≥À¿Ÿ¡‘

Activation conditions

Temp.
(oC)

Time
(min)

KOH : coal
(wt : wt)

Iodine
number
(mg/g)

Surface
area

(m2/g)

Micropore
volume
(cm3/g

carbon)

mesopore
&

macropore
volume
(cm3/g)

Total
pore

volume
(cm3/g)

Average
pore size

(nm)

Table  4. Porous properties of prepared activated carbon from lignite by KOH activation

600
700
800
600
700
800
850
900
600
700
800

60
60
60
60
60
60
60
60

120
120
120

0.5 : 1.0
0.5 : 1.0
0.5 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0
1.0 : 1.0

494
906

1,226
754

1,157
1,616
1,654
1,842

799
1,263
1,699

691
1,041
1,286

910
1,368
1,781
1,912
2,236

917
1,349
1,856

0.29(76%)
0.43(80%)
0.53(83%)
0.38(77%)
0.57(83%)
0.72(79%)
0.74(75%)
0.84(65%)
0.38(76%)
0.56(82%)
0.73(77%)

0.10
0.11
0.11
0.11
0.12
0.19
0.25
0.46
0.12
0.12
0.22

0.38
0.54
0.64
0.49
0.69
0.91
0.99
1.30
0.50
0.68
0.95

2.22
2.07
2.00
2.17
2.02
2.05
2.08
2.33
2.18
2.01
2.05

Commercial  activated carbon 1,090 1,197 0.48(87%) 0.07 0.55 1.83
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(1) 600 60 1.0:1.0 
(2) 800 60 0.5:1.0 
(3) 800 60 1.0:1.0 
(4) 800 120 1.0:1.0 
(5) 900 60 1.0:1.0 
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Figure 2. Typical N2 adsorption isotherms of activated carbon prepared by KOH activation
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°√–µÿâπ∑’Ë 800 Õß»“‡´≈‡ ’́¬ ∑’Ë∑”„Àâª√‘¡“µ√

√Ÿæ√ÿπ¢π“¥„À≠à‡æ‘Ë¡µ“¡Õ—µ√“ à«π¢Õß “√°√–µÿâπ

∑’Ë‡æ‘Ë¡¢÷Èπ º≈¢Õß°“√∑¥≈Õßπ’È· ¥ß„Àâ‡ÀÁπ∂÷ß

∫∑∫“∑¢Õß “√‡§¡’ KOH ∑’Ë„™â„π°“√‡°‘¥ªØ‘°‘√‘¬“

‚¥¬‡©æ“–Õ‘∑∏‘æ≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√‡§¡’

∑’Ë¡“°®– àßº≈„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√°√–µÿâπ‰¥â¡“°

®“°º≈¢Õßß“π«‘®—¬æ∫«à“ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â

®–¡’æ◊Èπ∑’Ëº‘« Ÿß°«à“ 1,000 µ“√“ß‡¡µ√µàÕ°√—¡
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Figure 3. Effect of activation temperature on the development of pore volume in activated carbon
from lignite by KOH activation (activation time: 60 min, chemical ratio: 1.0:1.0)

Figure 4. Effect of chemical-precursor ratio on specific surface area of prepared activated carbon
(activation time: 60 min, particle size: 20 × 30 mesh)
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‡¡◊ËÕ‡µ√’¬¡‚¥¬„™â ¿“«–Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“ 700 Õß»“

‡´≈‡ ’́¬ ¢÷Èπ‰ª ‚¥¬„Àâæ◊Èπ∑’Ëº‘«®”‡æ“– Ÿß ÿ¥‡∑à“°—∫

2,236 µ“√“ß‡¡µ√µàÕ°√—¡¢Õß∂à“π°—¡¡—πµå∑’Ë ¿“«–

°“√‡µ√’¬¡¥—ßπ’È Õÿ≥À¿Ÿ¡‘°√–µÿâπ 900 Õß»“‡´≈‡ ’́¬ 

‡«≈“ 60 π“∑’ ·≈–Õ—µ√“ à«π “√°√–µÿâπµàÕ

«—µ∂ÿ¥‘∫‡∑à“°—∫ 1.0 : 1.0 ·µà§à“√âÕ¬≈–º≈º≈‘µ∑’Ë‰¥â

°Á¡’§à“§àÕπ¢â“ßµË”‡æ’¬ß 20 ‡ªÕ√å‡´Áπµå‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫ ¿“«–°“√‡µ√’¬¡∂à“π°—¡¡—πµå®“°∂à“πÀ‘π·À≈àß

‡¥’¬«°—π¥â«¬«‘∏’°√–µÿâπ∑“ß°“¬¿“æ‚¥¬„™â·°ä 

§“√å∫Õπ‰¥ÕÕ°‰´¥å (™—¬¬» µ—Èß ∂‘µ¬å°ÿ≈™—¬, 2542)

æ∫«à“∂à“π°—¡¡—πµå∑’Ë‰¥â¡’æ◊Èπ∑’Ëº‘«πâÕ¬°«à“¡“°‡æ’¬ß

400 µ“√“ß‡¡µ√µàÕ°√—¡¢Õß∂à“π°—¡¡—πµå ·≈–‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫∂à“π°—¡¡—πµå ‡°√¥°“√§â“æ∫«à“

∂à“π°—¡¡—πµå‡°√¥°“√§â“ (µ“√“ß∑’Ë 4) ¡’æ◊Èπ∑’Ëº‘«

πâÕ¬°«à“‡™àπ°—π §◊Õ ª√–¡“≥ 1,200 µ“√“ß‡¡µ√

µàÕ°√—¡¢Õß∂à“π°—¡¡—πµå ·µà∂à“π°—¡¡—πµå‡°√¥°“√§â“

¡’ —¥ à«π¢Õß√Ÿæ√ÿπ¢π“¥‡≈Á°¡“°°«à“ (~87

‡ªÕ√å‡´Áπµå) ·≈–¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬‡≈Á°°«à“ (1.83

π“‚π‡¡µ√)

µ—«Õ¬à“ß≈—°…≥–æ◊Èπº‘«¢Õß∂à“πÀ‘π·≈–∂à“π

°—¡¡—πµå®“°¿“æ∂à“¬ SEM · ¥ß„π√Ÿª∑’Ë 6

®–‡ÀÁπ«à“‡¡◊ËÕºà“π°√–∫«π°“√°√–µÿâπ∑“ß‡§¡’¥â«¬

KOH ·≈â«∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â®–‡°‘¥√Ÿæ√ÿπ

¢÷Èπ¡“° ‚¥¬‡ÀÁπ‰¥â™—¥‡®π∑—Èßª√‘¡“µ√·≈–¢π“¥

¢Õß√Ÿæ√ÿπ∑’Ë‡æ‘Ë¡¢÷Èπ¡“° ‡¡◊ËÕ ¿“«–¢ÕßÕÿ≥À¿Ÿ¡‘

‡«≈“·≈–Õ—µ√“ à«π¢Õß “√°√–µÿâπ‡æ‘Ë¡¡“°¢÷Èπ

´÷Ëß Õ¥§≈âÕß°—∫ ¡∫—µ‘µà“ß Ê ¢Õß∂à“π°—¡¡—πµå

∑’Ë‰¥âÕ¿‘ª√“¬¡“·≈â«

°≈‰°°“√°√–µÿâπ¥â«¬ KOH

º≈¢Õß°“√°√–µÿâπ«—µ∂ÿ¥‘∫¥â«¬ KOH ‡æ◊ËÕ
„Àâ‰¥â∂à“π°—¡¡—πµå∑’Ë¡’æ◊Èπ∑’Ëº‘« Ÿß∑’Ëºà“π¡“¡’√“¬ß“π
‰«â‚¥¬ Marsh and Yan (1984) µàÕ¡“‰¥â¡’ºŸâ«‘®—¬
‰¥â√“¬ß“π«à“ “¡“√∂‡µ√’¬¡∂à“π°—¡¡—πµå∑’Ë¡’æ◊Èπ∑’Ë
º‘« Ÿß¡“°∂÷ßª√–¡“≥ 3,000 µ“√“ß‡¡µ√µàÕ°√—¡ ‚¥¬
„™â KOH (Otawa et al., 1993; Lozano - Castello
et al., 2001) ´÷Ëß¡’ª√– ‘∑∏‘¿“æ Ÿß°«à“°“√°√–µÿâπ
¥â«¬ “√‡§¡’™π‘¥Õ◊Ëπ ‚¥¬ Otawa et al. (1993) ·≈–
Hsu and Teng (2000) ‰¥â‡ πÕ°≈‰°°“√°√–µÿâπ
¥â«¬ KOH ‰«â«à“ ‡π◊ËÕß®“° KOH ‡ªìπ‡∫ ·°à®÷ß¡’

§«“¡ “¡“√∂∑’Ë®–∑”ªØ‘°‘√‘¬“°—∫Õ–µÕ¡¢Õß§“√å∫Õπ

‰¥â¡“°·≈–Õ¬à“ß√«¥‡√Á« ∑”„Àâ‡°‘¥√Ÿæ√ÿπ¢÷Èπ  àßº≈

„Àâ°“√‡°‘¥∑“√å (Tar) À√◊ÕπÈ”¡—π¥‘π ®“°°“√ ≈“¬µ—«

  1.5 
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Figure 5. Effect of chemical-precursor ratio on pore volume of activated carbon (activation time:
60 min, particle size: 20 × 30 mesh)
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Lignite coal  600 C / 60 min / 0.5:1.0 

   

 

 

 

600 C / 60 min / 1.0:1.0  600 C / 120 min / 1.0:1.0 

   

 

 

 

800 C / 60 min / 1.0:1.0  800 C / 120 min / 1.0:1.0 

Figure 6. SEM micrographs of lignite coal and the prepared activated carbons using KOH as an
activating agent under different activation condition

Lignite coal 600oC / 60 min / 0.5:1.0

600oC / 60 min / 1.0:1.0 600oC / 120 min / 1.0:1.0

800oC / 60 min / 1.0:1.0 800oC / 120 min / 1.0:1.0
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¢Õß‚§√ß √â“ß¥â«¬°√–∫«π°“√∑“ß§«“¡√âÕπ¡’

πâÕ¬≈ßªØ‘°‘√‘¬“∑’Ë‡°’Ë¬«¢âÕß¡’¢—ÈπµÕπ¥—ßµàÕ‰ªπ’È

1. °“√‡°‘¥ K2O ‚¥¬ªØ‘°‘√‘¬“ dehydration ¢Õß

KOH ¥—ßπ’È

2 KOH→ K2O + H2O (1)

2. °“√‡°‘¥ water-gas reaction √–À«à“ß‰ÕπÈ”

·≈–§“√å∫Õπ ¥—ßπ’È

C (s) + H2O→ H2 + CO (2)

CO ∑’Ë‡°‘¥¢÷Èπ “¡“√∂∑”ªØ‘°‘√‘¬“°—∫‰ÕπÈ”

µàÕ‰ª¥—ßπ’È

CO + H2O→ H2 + CO2 (3)

 °“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë 1 ·≈– 2 ∑”„Àâ‡°‘¥√Ÿæ√ÿπ

¢÷ÈπÕ¬à“ß√«¥‡√Á«·≈–‰¥â¡“°‡π◊ËÕß®“°Õ–µÕ¡¢Õß

§“√å∫Õπ∂Ÿ°∑”ªØ‘°‘√‘¬“‰¥â‚¥¬µ√ß°—∫ “√‡§¡’∑’Ë¡’Õ¬Ÿà

πÕ°®“°π’È∑’ËÕÿ≥À¿Ÿ¡‘ Ÿßª√–¡“≥ 700 Õß»“‡´≈‡ ’́¬ 

®–‡°‘¥‚≈À–‚æ·∑ ‡ ’́¬¡ (K) ¢÷Èπ®“°ªØ‘°‘√‘¬“

√’¥—°™—π¢Õß K2O ¥â«¬ H2 À√◊Õ C ¥—ß ¡°“√

K2O + H2→ 2K + H2O (4)

·≈– K2O + C→ 2K + CO (5)

‚≈À– K ∑’Ë‡°‘¥¢÷Èπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß “¡“√∂

‡§≈◊ËÕπ∑’Ë‡¢â“‰ª·∑√°Õ¬Ÿà„π√–À«à“ß™—Èπ¢Õß‚§√ß √â“ß

§“√å∫Õπ∑”„Àâ™àÕß«à“ß√–À«à“ß™—Èπ‚§√ß √â“ß¡’§«“¡°«â“ß

¡“°¢÷Èπ·≈– √â“ß‡ªìπ√Ÿæ√ÿπ¢÷Èπ‰¥âÕ’°∑“ßÀπ÷Ëß

∫∑ √ÿª

®“°º≈°“√»÷°…“æ∫«à“ “¡“√∂‡µ√’¬¡∂à“π°—¡¡—πµå

∑’Ë¡’§ÿ≥¿“æ Ÿß®“°∂à“πÀ‘π≈‘°‰πµå (·À≈àß·¡à‡¡“–)

‰¥â‚¥¬«‘∏’°√–µÿâπ¥â«¬‚æ·∑ ‡ ’́¬¡‰Œ¥√Õ°‰´¥å ∂à“π

°—¡¡—πµå∑’Ë‰¥â¡’æ◊Èπ∑’Ëº‘«¿“¬„π·≈–ª√‘¡“µ√√Ÿæ√ÿπ Ÿß

¡“°‡¡◊ËÕ‡∑’¬∫°—∫∂à“π°—¡¡—πµå‡°√¥°“√§â“∑’Ë‡µ√’¬¡

®“°°–≈“¡–æ√â“« ÷́Ëß°√–µÿâπ¥â«¬‰ÕπÈ”‚¥¬‡©æ“–

Õ¬à“ß¬‘Ë ß ‡¡◊ËÕ‡∑’¬∫°—∫∂à“π°—¡¡—πµå∑’Ë ‡µ√’¬¡®“°

≈‘°‰πµå‚¥¬«‘∏’°√–µÿâπ∑“ß°“¬¿“æ¥â«¬·°ä 

§“√å∫Õπ‰¥ÕÕ°‰´¥å º≈°“√∑¥≈Õß∑’Ë‰¥âæÕ √ÿª

‰¥â¥—ßπ’È

ë ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â¡’ª√‘¡“≥‡∂â“

≈¥≈ß¡“° ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 2 - 5

‡ªÕ√å‡ Á́πµå ‡∑’¬∫°—∫∂à“πÀ‘π¥‘∫´÷Ëß¡’

‡∂â“ Ÿß∂÷ß 23 ‡ªÕ√å‡´Áπµå

ë °“√„™âÕÿ≥À¿Ÿ¡‘°“√°√–µÿâπ∑’Ë Ÿß¢÷Èπ

(600 - 900 Õß»“‡´≈‡´’¬ ) ∑”„Àâ

√âÕ¬≈–¢ÕßπÈ”Àπ—°∑’ËÀ“¬‰ªµ≈Õ¥®π

§à“°“√¥Ÿ¥ —́∫‰Õ‚Õ¥’π æ◊Èπ∑’Ëº‘«

®”‡æ“–·≈–ª√‘¡“µ√¢Õß√Ÿæ√ÿπ∑ÿ°™à«ß

¢π“¥¡’§à“¡“°¢÷Èπ „π¢≥–∑’Ë‡«≈“°“√

°√–µÿâπ∑’Ëπ“π¢÷Èπ∑”„Àâ√âÕ¬≈–πÈ”Àπ—°

∑’ËÀ“¬‰ª‡æ‘Ë¡¢÷Èπ (√âÕ¬≈–º≈º≈‘µ≈¥≈ß)

·µà ¡∫—µ‘Õ◊Ëπ Ê ¡’°“√‡ª≈’Ë¬π·ª≈ß‰¡à

¡“°π—°

ë °“√„™âÕ—µ√“ à«π “√‡§¡’µàÕ«—µ∂ÿ¥‘∫∑’Ë

‡æ‘Ë¡¢÷Èπ∑”„Àâ‰¥â∂à“π°—¡¡—πµå∑’Ë¡’æ◊Èπ∑’Ë

º‘«·≈–ª√‘¡“µ√√Ÿæ√ÿπ‡æ‘Ë¡¡“°¢÷Èπ

‡™àπ‡¥’¬«°—∫º≈¢Õß°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘

°“√°√–µÿâπ

ë  ”À√—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫

‡¡◊ËÕ· ¥ß„π√Ÿª¢Õß°√“ø‰Õ‚´‡∑Õ¡

æ∫«à“∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â‡ªìπ·∫∫

Type I ÷́Ëß· ¥ß«à“√Ÿæ√ÿπ à«π„À≠à

∑’Ë ‡°‘¥¢÷Èπ‡ªìπ·∫∫√Ÿæ√ÿπ¢π“¥‡≈Á°

(πâÕ¬°«à“ 2 π“‚π‡¡µ√) ‚¥¬ —¥ à«π

¢Õßª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á°¡’§à“Õ¬Ÿà

„π™à«ß 65 - 83 ‡ªÕ√å‡´Áπµå ¢÷Èπ°—∫

 ¿“«–°“√‡µ√’¬¡

ë  ¿“«–°“√‡µ√’¬¡∑’Ë„Àâæ◊Èπ∑’Ëº‘« Ÿß ÿ¥

2,236 µ“√“ß‡¡µ√µàÕ°√—¡ ‰¥â·°à

∑’ËÕÿ≥À¿Ÿ¡‘ 900 Õß»“‡´≈‡´’¬  ‡«≈“

60 π“∑’ ·≈–Õ—µ√“ à«π KOH µàÕ

∂à“πÀ‘π‡∑à“°—∫ 1.0 : 1.0 ‚¥¬πÈ”Àπ—°

‚¥¬¡’ª√‘¡“µ√√Ÿæ√ÿπ√«¡‡∑à“°—∫ 1.30

≈Ÿ°∫“»°å‡´πµ‘‡¡µ√µàÕ°√—¡ ·≈–¢π“¥

√Ÿæ√ÿπ‡©≈’Ë¬‡∑à“°—∫ 2.33 π“‚π‡¡µ√

ß“π«‘®— ¬∑’Ë §«√»÷°…“‡æ‘Ë¡ ‡µ‘¡µàÕ‰ªÕ“®

‡ªìπ°“√»÷°…“«‘∏’°“√‡µ√’¬¡∂à“π°—¡¡—πµå‚¥¬„™â “√

‡§¡’™π‘¥Õ◊ËπÀ√◊Õ„™â«‘∏’°√–µÿâπ∑“ß°“¬¿“æ·≈–∑“ß

‡§¡’§Ÿà°—π‰ªÀ√◊ÕÕ“®»÷°…“°“√„™âÕÿ≥À¿Ÿ¡‘°√–µÿâπ



218 ∂à“π°—¡¡—πµå®“°∂à“πÀ‘π≈‘°‰πµå‚¥¬«‘∏’°√–µÿâπ∑“ß‡§¡’¥â«¬‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å

∑’Ë Ÿß¢÷Èπ‡æ◊ËÕÀ“∑“ß‡æ‘Ë¡ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥„À≠à

´÷Ëß®–™à«¬„Àâ “¡“√∂º≈‘µ∂à“π°—¡¡—πµå∑’Ë “¡“√∂π”

‰ª∑¥ Õ∫°“√¥Ÿ¥´—∫ “√∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥„À≠à

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ µ—«Õ¬à“ß‡™àπ ‚¡‡≈°ÿ≈

¢Õß ’ ‡ªìπµâπ ‡ªìπ°“√„™âª√–‚¬™πå¢Õß∂à“π

°—¡¡—πµå„π°√–∫«π°“√·¬° “√‡æ◊ËÕ°“√¥Ÿ¥ —́∫

‚¡‡≈°ÿ≈∑’Ë¡’¢π“¥µà“ß Ê ‰¥âÀ≈“°À≈“¬¡“°¬‘Ëß¢÷Èπ

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’

∑’Ë‰¥â π—∫ πÿπ∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬ª√–®”ªïß∫ª√–¡“≥

æ.». 2543 - 2544 (√À— ‚§√ß°“√ SUT7-706-43-24-36)

‡Õ° “√Õâ“ßÕ‘ß
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